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Systems  of  Nonlinear  Hyperbolic  Equations 
Associated  with  Problems  of  Classical 
Electromagnet ic  Theory 


Frederick  Bloom 

Department  of  Mathematical  Sciences 
Northern  Illinois  University 
DeKalb,  Illinois  60115 


Abstract 


The  manifestation  of  a  variety  of  nonlinear  phenomena  in  electromagnetic  theory 
is  considered  with  specific  emphasis  on  shock  formation  for  plane  waves  pro¬ 
pagating  in  nonlinear  dielectric  media  and  the  possible  dissipative  effects 
of  aniscti ophy ,  nonlinear  conduction  currents,  and  nonlinear  dielectric 
relaxation.  Also  considered  are  problems  of  singularity  formation  for 
electromagnetic  wave  propagation  in  nonlinear  distributed  parameter  trans¬ 
mission  lines. 
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Shock  Formation  in  Ini tomogen e o u s 


Quasilinear  Systems  Associated  with  Nonlinear 
Elec  tromagne t  i c  *V> i ids 

Frederick  Bloom 

Department  of  Mathematical  Science;' 

Northern  Illinois  1'niversitv 
DeKalb ,  Illinois  A0115 

ABSTRACT 

We  consider  the  problem  of  the  existence  of  smooth  globally  defined 
solutions  to  a  quasilinear  system  of  inhomogeneous  hyperbolic  equations;  these 
equations  are  shown  to  model  both  the  behavior  of  a  distributed  parameter  non¬ 
linear  transmission  line,  with  voltage  dependent  capacitance  and  non-zero 
resistance  and  leakage  conductance,  and  the  interaction  of  a  plane  electromagnetic 
wave  with  a  nonlinear  dielectric  half-space  in  the  presence  of  a  nonlinear 
conduction  current.  Specific  conditions  are  exhibited,  for  both  models,  under 
which  shock!  form  if  the  gradients  of  the  initial  data  in  each  respective  oroblem 
are.  pointwise,  sufficiently  large.  The  analysis  is  based  upon  a  study  of  the 
behavior  of  appropriate  sets  of  Riemann  invariants  along  their  respective 


characteristic  curves. 


SHOCK  WAVE  FORMATION  TOR  INHOMOGENEOUS 
HYPERBOLIC  SYSTEM  IS  ASSOCIATED  KITH 
NONLINEAR  TRANSMISSION  LINE  PROBLEMS 


\0 


V 1 

o 

u 

c  x 

0>  4* 

•  fH  — « 

u  v> 
to  ^  tO 
o  ^ 

E  rt  O 
O  U  C  vO 

o  5 

«-«  4-»  M 

ca 

o 

^  v  O  C 
u  c  *H 


§V) 

•r-l  C 
4>  O  C 
x:  e  ~ 

V-  CJ  »"*  r+* 


tj 

<y 


8 


*j  t) 

C  JC 


(- 

rt 

C. 


O 

z 


«IJ 


5> 

■M 

M 

D 

*31 


A 


3  W 
ro  |ro 


3> 

W-» 

Wl 

» 

w 
3»  — 

-»I-J 


^31 

•♦h  O' 

H 

3t 


U 

•H 


u 

t 


u 

<9 

v*  ! 

•5 

♦  i 

r-4 

n  « 

a  . 

K  K  *j 
*3  |-0 

V 

w  X 
•O 

V 

U  *TJ 

c 

rs  -•* 

<M  W« 

W  1> 

■a 

x: 

w  %> 

c 

*  « 

tj  a. 
o 


tn  t> 
v  -*-«  u 

«  i  °  «  S 

^  fl  ti  c  ** 

r)  c  O’H  U 

^3  .C  3 

o  c  >  -a 

— I  «9  C  C 

•e:  o  •*« 

_l  Cl  •»<  I 
Q  j3  V)  *M 
VA  — 

,  a  <»  -h  » 

9  l>  -C  B  “ 
a  **  *•  «rt 


•C 

*4 

o 


«  «  e 

«J  c  c  « 

xm3 

coo 

c<  «i  e  m 

3  e  u  e 

o  •*  ** 

*J  -4 

l<  — 

»3  U 

«i  n  -i  X 

ec3i 

U  Cl  Cl  « 

o  Jc.  C 

c  c  *9  ci 

u  o 

*•» 

«-<  5  c 

•  uc. 

U 

w  n  0  ^4 

«l  •  Cl 

(9 

W  —4  — 

Cl  U  D.  Kl 

*•  *  Ij  c 

S  6WK 

K  <9  C  O 

3  •  o 

10 

ci  3  o  e 

w»  *i  o 

c r-»c 

tfi  -h  .  j: 

u  x 

o 


<n  ci 
«3  jr 


c 


o 

JC  a 
«i  V  K. 

.  •*=  •» 
e  «m 

kt  O  W 

«  c  c 

«l  U 

e*4  t 
C  3 
— <  u 

3 

0.-0 

i*  i 


ogS 

I*  •*"<  *» 
©  W  ZJ 
H  *H  w 

I  13  O 


§ 


a 

j= 


rt  « 

w  3  «J  «H 
O  (TO  « 

<*4  4J  Cl  B  TJ 

0  3  o 

«>  u  t  a 

6  e  •**  it 

a  * 


u  «  « 

«  u 

a.  c  jc 
«  «  u 

U  W  <M 
U  £ 
•*  3  k 

_  .  -  -  C  TJ 
O  —•  Ck  a  «i  c  w. 


a 
M  ae 
u 

U  o 

« 

w 


S  " 

0  *j 

•*  c 

Cl 


3  T3 
<r  ' 

a 


*8 


O  JC  • O  O  Cl 
A  «I£3  H  C  U3 

p  3  T*  «  o  e 

fc.  r-»  4)  »j  •»  Q,  M  3 

C-  O  0.33  V  M 

W1  X  JO  Cl  T3  n  TJ 

Cl  JS  ~4  U  J4  Cl 
£  3  h  U  •  N  u 
H  O  n  u  3  oc  Cl  -< 

C  3  «  -«  JC 

t4  O  «*c  V>  w 

<*<  C  "O  C  T3  je 

Cl  Cl  O  O  C  K 

■a  o*  «9  o  >  3  ci 


M  Cl 
O  M 
C  —  u 

■HUB 
H  ^  M 
*1 

C  X 
O  C  — 

•H  i-> 
»A  C 

m  ci  ci 

,£*  M 
0  4-*  O 
«0 

S  SJ2 

3 

W  v> 


v> 

O 

u 

3 

TJ 

4> 


E 


X 

«o 


t> 

«c 


c 

o 


o 

til 

o 


u 

TJ 

o 


C9 

O 

c 


v> 

<4 

cr-  cr 
^  I- 

u  ti 

TJ 

X 

•  c 

^  -c 


o 


cr 


Vt 

0 


« 

u 


03 

o 

4> 

Cl¬ 

io 


o 

0 


5  X 

ro  ro 


>  4-*  w 

<r>  ro 


x 

o 

3 

u 

V 

JC.  ^ 
w  O 
* 

U*  K  v  ♦ 

O  W.M  I 

^  a 

4">-— 

^  aj-t: 

fM  10  bC  > 
4-»  +*  — 

rt 

TJ  TJ 

O  ^ 

£  ~  t 
E  f5  —  w 
O  - 

— *  *-»  c  c 

(/}  J 

■g-S  £= 

S  U  0*0 
X  C 
'-,*o  w  n 
-*  o 

— 4  V> 

r3  • 

r3  O  i  o 
TJ  d. 

^  A 

X  TJ  ^ 

VI  O  /-v 
— *  4-»  O 

2:  D  .  w 

•h  r 

X  u  x  v 
-a  o  ^ 


CO 

Jt 

1° 

>, 

|« 

T3 

Vi 

VI 

V_1 

>  4 

ft) 

|ai 

, 

Ira 

C 

n 

o 

«0 

u 

n 

•H 

X- 

- 

- 

_ / 

o 

V 

A 

E 

r 

TJ 

o 

o 

■H 

o  ^ 

o 

u 

VI 

o 

•  o 

VI 

c 

u 

K  w 

-c 

X 

o 

rt 

VI 

u 

u 

c 

w 


o 

t- 

rt 


*c 


c 

4-»  O 
C  VI 

"4  O 


